To determine the epidemiology and costs of hospitalization with primary varicella and herpes zoster in the prevaccine era and the usefulness of hospital discharge data to determine the population impact of vaccination on these conditions, statewide hospital discharge data in Connecticut from 1986 to 1995 were analyzed. Annual hospitalizations for herpes zoster were 4-fold higher than for primary varicella (16.1 vs. 4.1/100,000). Overall, 69% and 83%, respectively, had no underlying immunosuppressive conditions. Regarding primary varicella, 53% of patients were aged !15 years, there was a marked winter-spring seasonality, and Hispanics and blacks were 4.1 and 2.6 times more likely than whites to be hospitalized. Regarding herpes zoster, 66.9% of patients were aged 164 years, and there was no seasonality. The mean patient charges in 1995 were $12,819 for primary varicella and $15,583 for herpes zoster. Analysis of population-based hospital discharge data is a feasible means of monitoring the impact of varicella immunization on severe morbidity due to primary varicella and herpes zoster.
monitor the extent to which severe and costly complications continue to occur.
Severe and costly complications from latent infection are of particular interest. Although current data suggest that vaccination of persons with certain immunocompromising conditions with the live attenuated varicella vaccine will prevent more herpes zoster than it will cause [6] [7] [8] [9] , the long-term impact on the incidence of herpes zoster remains uncertain. On one hand, to the extent that the varicella vaccine fully prevents primary infection, it should also prevent latent infection and its consequences. In addition, given that breakthrough varicella is generally milder than varicella in unvaccinated persons [10] , it is conceivable that latent infection will be less consistently established. On the other hand, the vaccine could indirectly increase the incidence of herpes zoster among persons who have a latent varicella infection. It is thought that periodic boosting of cellular immunity by repeated exposure to varicella virus may be a factor in preventing or attenuating herpes zoster [11] . In the future, a decrease of circulating varicella virus from widespread vaccination will reduce the potential for such boosting and could result in more latently infected persons developing zoster. Additionally, the vaccine strain itself can cause herpes zoster [12] , although this appears to be uncommon. Because of such concerns, cost-benefit studies of varicella vaccine have not incorporated any impact of vaccination on the incidence and costs of herpes zoster [13] [14] [15] [16] [17] . Thus, it is important not only to describe the epidemiology of primary varicella but also to effectively describe the epidemiology and costs of latent varicella infection over time.
In this context, use of comprehensive population-based hospital discharge databases are a potential means of accomplishing such surveillance. Such systems provide a complete record of all hospitalizations and are not subject to underdiagnosis and deficiencies in reporting that limit surveillance systems of outpatient diseases. Additionally, hospitalization databases measure the severe and costly end of the disease spectrum, on which vaccination is likely to have the greatest impact. Although the epidemiology and natural history of herpes zoster in the prevaccine era have been described elsewhere [18] [19] [20] [21] [22] , there are no published population-based studies making use of hospital discharge data. Additionally, there is scant reference in the medical literature to its cost impact overall or relative to primary varicella [23] . This study was undertaken to obtain population-based estimates of hospitalization rates for primary varicella and herpes zoster in the 10-year period prior to widespread vaccine availability, to determine the epidemiology of hospitalizations for primary varicella and herpes zoster, to obtain measures of trends in the cost of hospitalizations due to primary varicella and herpes zoster, and to determine whether monitoring of population-based hospital discharge data may be an effective way to monitor the impact of immunization on the epidemiology of complications due to primary and latent varicella.
Methods
Source population. Data from the Connecticut Health Information Management and Exchange (CHIME) Program [24] were obtained for hospitalizations of Connecticut residents with primary varicella or herpes zoster. CHIME is a statewide information service containing specific data on inpatient hospital discharges from all 36 Connecticut general, acute care, and nongovernmental hospitals. The data include inpatient discharge data from Connecticut residents who were treated at hospitals in border states (New York, Massachusetts, and Rhode Island). The input data, submitted by individual hospitals or their data processing services, have been compiled and converted into standard definitions according to established CHIME policies and procedures [24] . Records were requested of all hospitalized Connecticut residents discharged between 1 January 1986 and 31 December 1995 with a principal or secondary diagnosis code of primary varicella or herpes zoster. Primary varicella hospitalization was defined as a hospital discharge with a principal or secondary discharge diagnosis code of varicella (052.0-052.9) according to the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) [25] . Herpes zoster hospitalization was defined as a hospital discharge with a principal or secondary discharge diagnosis code of zoster (053.00-053.99). Records with diagnostic codes for both primary varicella and herpes zoster were excluded from the analysis, so that the epidemiology and costs of each disease could be examined separately.
Demographic data. Data available through CHIME without individual hospital consent include admission year, calendar quarter of hospitalization, age, race/ethnicity, sex, the principle diagnostic code and up to nine secondary hospital discharge diagnostic codes, length of hospitalization, disposition (death, discharge, transfer), total charge, and payer. A person was considered to have an underlying condition if there was a discharge diagnostic code for a condition known to increase the risk for occurrence or severity of primary varicella or herpes zoster, such as immunosuppression secondary to therapy, malignancy, pregnancy, or other disease (table 1). A hospitalization was considered to have a specific com- (table 1) . Similarly, a hospitalization was considered to have a specific complication of zoster if there was a zoster-specific discharge diagnostic code that indicated specific organ involvement or an ICD-9-CM code indicating a varicella-zoster-associated bacterial superinfection (table 1) . Statistical analysis. Hospitalization rates were calculated with denominator data for Connecticut obtained from the 1990 census [26] . Overall population estimates obtained between the years 1986 and 1995 revealed that the group-specific population of Connecticut was nearly in a steady state [27] . In 1990, the population of Connecticut was 3,287,116 persons, of whom 83.8% were nonHispanic white, 7.9% were non-Hispanic black, and 6.5% were Hispanic. Percentages of persons with underlying conditions or specific complications were determined by use of the total number of discharges with varicella or herpes zoster as the denominator. A р5% level of probability for a given finding was considered to indicate statistical significance. All statistical analyses were done with Epi Info version 6.04 (Centers for Disease Control and Prevention, Atlanta) and SAS software (SAS Institute, Cary, NC).
Results
Over the 10-year study period, there were 1341 identified primary varicella-related hospital discharges, an average of 134 per year (range, 86-178; figure 1 ). The average annual primary varicella hospitalization rate over the 10-year period was 4.1 hospitalizations per 100,000 population (range, 2.6-5.4). Over the same period, there were 5274 herpes zoster-related hospital discharges, an average of 527 per year (range, 468-596; figure  1 ). The average annual herpes zoster hospitalization rate over the 10-year period was 16.1/100,000 population (range, 14.5-18.2). The average annual herpes zoster hospitalization rate was 3.9 times higher than the primary varicella hospitalization rate during the same time period. In addition, there were 33 persons with diagnostic codes for both primary varicella and herpes zoster who were excluded from the diseasespecific analyses.
Patient characteristics. Tables 2 and 3 show the distribution of primary varicella and of herpes zoster hospitalizations by the available demographic characteristics and by the quarter of year in which they occurred. Fifty-three percent of the primary varicella hospitalizations were of persons !15 years of age, and ∼29% were of persons between 20 and 34 years old. Examination of these 2 age groups by year revealed modest non-statistically significant ( ) variation (range, 48%-P 1 .05 61% and 19%-36%, respectively).
Marked differences in primary varicella hospitalization rates by race/ethnicity were found (table 2) . Overall, Hispanics were 4.1 times and blacks were 2.6 times more likely to be hospitalized than were whites. Higher primary varicella hospitalization rates for Hispanics and for blacks than for whites were found across each age group and each year of the study period.
In contrast to primary varicella, the number and rate of hospitalizations with herpes zoster increased progressively with increasing age. Sixty-seven percent of all herpes zoster-related hospitalizations were of persons aged у65 years, and only 5.2% were of persons !30 years of age. Examination of the percentage of all cases in each of these 2 age groups by year revealed modest and non-statistically significant ( ) variation (range, P 1 .05 63%-71% and 4.1%-7.0%, respectively).
Unlike primary varicella hospitalizations, there was a marked difference in the number of cases and crude rates of herpes zoster hospitalization by sex (table 3) . Overall, 59.5% of patients were female, and females had 5.1 more cases per 100,000 population than did males (table 3) . However, examination of agespecific rates by sex revealed no consistent differences between males and females in any age group. Most of the crude difference appears to be due to the larger female elderly population. Also in contrast to primary varicella, crude herpes zoster hospitalization rates by race/ethnicity were similar for blacks and whites, but the rate for Hispanics was only one-half that of the other 2 groups (table 3) . Examination by age group, however, revealed several notable differences. In all age groups !50 years of age, race/ethnicity-specific rates were higher for blacks and Hispanics than for whites. The relative risk compared with that of whites ranged from 2.6 to 6.2 for blacks and from 1.6 to 3.5 for Hispanics. In contrast, in all age groups у65 years, rates were consistently higher for whites than either for blacks or for Hispanics. For these age groups, the relative risk for blacks and for Hispanics compared with that for whites ranged from 0.53 to 0.98 and from 0.01 to 1.11, respectively.
Temporal characteristics. Month of admission was grouped into four admission quarters: January-March, April-June, July-September, and October-December. Overall, 73.2% of varicella hospitalizations were in the 6-month period from January through June, the winter and spring quarters. This seasonality was evident in each year of the study period and all age groups. In contrast, seasonality was not observed in herpes zoster hospitalizations (table 3) . This lack of seasonality persisted across all years of the study period and across all age groups, including persons !30 years old, among whom 51.5% of cases occurred in the first half of the year.
The number of primary varicella hospitalizations increased substantially and, with the exception of 2 years, progressively between 1986 and 1995 (figure 1). Overall, there was a 31% increase in the number of primary varicella hospitalizations from the first 5-year interval, [1986] [1987] [1988] [1989] [1990] , to the second, 1991-1995. Similarly, the number of herpes zoster hospitalizations increased annually between 1986 and 1991 but then leveled off thereafter. Overall, there was only an 8.8% increase in the number of herpes zoster hospitalizations from the first 5-year interval to the second.
Underlying conditions. Of the 1341 primary varicella hospital discharges, a total of 230 (17.2%) had an underlying condition recorded (table 4). The percentage of primary varicella hospitalizations with at least one underlying condition increased over time, from 12% ( ) of all primary varicella n = 70 hospitalizations between 1986 and 1990 to 21% ( ) ben = 162 tween 1991 and 1995. Most of this increase was due to human immunodeficiency virus (HIV), which increased from 2.9% ( ) to 8.4% ( ) during the two 5-year time periods, n = 17 n = 64 and pregnancy, which increased from 1.5% ( ) to 3.6% n = 8 ( ). These two conditions accounted for 71% (65/91) of n = 28 the increase in the absolute number of persons with an underlying condition. However, only one-half of the increase in primary varicella hospitalizations from the first 5 years to the second can be readily explained by increases in persons with underlying conditions.
Of the 5274 hospital discharges with herpes zoster, 31.4% were found to include at least one underlying condition (table  4) . Among the 2067 underlying conditions for these 1657 persons, malignancies, including leukemia, accounted for 65.7% of the underlying conditions, and HIV infection accounted for 20.5%. The percentage of herpes zoster hospitalizations with at least one underlying condition increased over the study period, from 29.1% between 1986 and 1990 to 33.6% between 1991 and 1995. This increase can be entirely explained by increasing HIV prevalence, which occurred in 4.6% of all cases in the first 5 years and 11.1% of all cases in the second. We also observed an inverse association of underlying conditions with age. Among persons aged !50 years, 60.5% had an underlying condition, whereas among those aged 50-64 years, 35.9% had an underlying condition. The percentage further decreased to 26.4% among those aged 65-79 years and to 16.1% among those aged у80 years.
Complications. A total of 546 (40.7%) primary varicella hospitalizations had at least one coded varicella-specific complication, and an additional 80 (6.0%) had at least one possible varicella-related bacterial infection. Overall, there were 733 directly coded varicella-related complications among the 626 primary varicella hospitalizations.
Varicella hemorrhagic pneumonitis was the most commonly ). A total of 185 bacterial skin-related com-P ! .001 plications, including impetigo, cellulitis, and/or septicemia, occurred in 12.7% ( ) of all primary varicella hospitalizan = 170 tions. Examination of each complication by year revealed no difference in the annual frequency, except hemorrhagic pneumonitis. Over the 10-year period, the frequency of varicella hemorrhagic pneumonitis increased from 9.2% ( ) of all n = 8 cases in 1986 to peaks of 20.9% ( ) in 1993 and 18.5% n = 37 ( ) in 1995. n = 27
There were a total of 25 acute hospital-based deaths related to primary varicella, averaging 2.5 deaths per year, and 1.9 deaths for every 100 hospitalizations. Overall, 68.0% ( ) n = 17 of those who died were male and 40% ( ) were !20 years n = 10 of age. Persons who died were more likely than all hospitalized persons to have an underlying condition (48% vs. 17%), a varicella-specific complication (48% vs. 17%), or a bacterial skinrelated infection (24% vs. 13%). Seventeen deaths were in patients with underlying illnesses, including HIV ( ), leukemia n = 3 ( ), other malignancy ( ), other blood dyscrasia ( n = 5 n = 6 n = ), and congenital immunodeficiency ( ). 1 n = 2 A total of 1985 herpes zoster hospitalizations (37.6%) had 2079 coded herpes zoster-specific complications. Nervous system complications and ophthalmic complications accounted for 57% and 21% of these complications, respectively. Two hundred seventy-seven persons (5.3%) died during herpes zoster-related hospitalization, resulting in an average rate of 27.7 deaths per year. At least one underlying condition was present in 52% of deaths. Underlying conditions included leukemia ( ), n = 61 other malignancies ( ), HIV ( ), other blood dysn = 135 n = 24 crasias ( ), and immunodeficiencies of childhood ( ). n = 10 n = 13 The risk of death during hospitalization was higher in persons with underlying conditions than in those without (8.7% vs.
3.7%;
). P ! .05 Hospital charge. The average unadjusted annual charge per primary varicella hospitalization nearly quadrupled over the 10-year period, from $3240 to $12,819 (figure 2). Higher charges were associated with older age, underlying conditions, and varicella-specific complications. The total charges for 1995, the year before vaccination became widely available, were slightly 1$1.9 million.
The mean unadjusted charge per herpes zoster hospitalization for the study period was $12,834, which is $5037 more than the mean unadjusted charge for primary varicella hospitalizations. Furthermore, the mean unadjusted charge per herpes zoster hospitalization increased 2.2-fold between 1986 and 1995, from $7159 to $15,583 (figure 2). This increase in charge occurred despite a decrease in the mean length of stay from 11.6 days to 9.3 days over the study period. Mean unadjusted charges per herpes zoster hospitalization were higher in persons with underlying conditions than those without ($16,587 vs. $11,115) but did not vary in any consistent pattern by age. In 1995, the total unadjusted charge for all herpes zoster hospitalizations was $8,182,235, 4.3 times higher than the $1,922,913 in total unadjusted charges for hospitalization with primary varicella during the same year.
Discussion
This study documents that there were marked differences in the epidemiology of hospitalizations with primary varicella and with herpes zoster in the prevaccine era. Of particular note, the number of hospitalizations with herpes zoster was nearly 4 times that with primary varicella and there were 110-fold the number of deaths in any given year. In any future evaluations of the potential cost-effectiveness of universal varicella vaccination, it will be critical to consider the additional impact of vaccination on medical costs due to herpes zoster as well as to varicella. In addition, the study showed that analysis of hospital discharge data may be an efficient, feasible, and potentially invaluable means to monitor the impact of varicella vaccination on the occurrence of severe disease due to both primary varicella and herpes zoster.
The increase in primary varicella hospitalizations before vaccine licensing has not been previously described. Although much of the increase in hospitalizations can be attributed to an increase in prevalence of persons with underlying conditions that may increase the severity of varicella or its consequences, in particular HIV infection, this accounts for no more than 50% of the increase in hospitalizations. Part of the increase could also result from the availability of intravenous acyclovir and recommendations for its use to treat persons at high risk of severe consequences of varicella [28] [29] [30] [31] . Of interest, a similar increase beyond that expected from an increase in HIV was not seen in hospitalizations with herpes zoster, suggesting that the increase in varicella hospitalizations was not artifactual and that some other factor(s) might have caused it. Despite the increase over time, the average annual rate of primary varicella hospitalizations was consistent with rates based on national hospital discharge samples [32, 33] .
Blacks and Hispanics had higher primary varicella hospitalization rates compared with whites, independent of age or year of hospitalization. In Connecticut, most blacks and Hispanics live in urban areas and in relatively crowded living conditions. Crowding may lead to exposure to varicella at younger ages and higher rates of primary varicella among younger children but would not be expected to result in higher rates of hospitalization in all age groups. Furthermore, HIV and other underlying conditions explain only a minority of cases in each race/ethnic group.
Whether there was differential access to primary outpatient health care between these generally poorer socioeconomic groups and the referent white group and a resulting effect on subsequent hospitalization rates could not be directly examined in this data set. The only other published population-based studies to report rates of varicella hospitalization by race/ethnicity were ones conducted of military recruits [34, 35] . In these studies, both blacks and persons of Puerto Rican origin also had higher rates of hospitalization than whites, but it was hypothesized that they had higher rates of susceptibility to varicella before entry into service. The military recruit studies were unable to examine race and ethnicity as factors for more than one age group. Regardless of the reasons for higher rates of hospitalization, these data suggest that it will be particularly important to achieve high levels of vaccine-induced immunity in these populations, especially in Connecticut.
Nearly 30% of the cases were in adults 20-34 years of age, the peak childbearing ages; ∼63% in this group were in women. Not surprisingly, these cases also exhibited the same seasonality seen in children. This is consistent with the observation that many adults are exposed to varicella by their children [36] , in particular those caring for an ill child. Effective vaccination efforts among children should greatly diminish the risk of exposure among susceptible adults.
A total of 82 hospitalizations (6%) with primary varicella occurred among middle-aged and elderly adults (у50 years). Primary varicella in this age group has rarely been described. It is possible that these cases could represent misclassified cases of herpes zoster, considering that we found that hospitalizations with herpes zoster are 52 times more common than primary varicella in this age group. However, whereas herpes zoster shows no seasonality and its highest age-specific hospitalization rates occur among whites, the varicella cases in older adults that we detected showed a seasonal distribution, with 60% occurring in the first and second quarters of the year, and higher age-specific rates among race/ethnic minorities than whites. Thus, it appears that a substantial percentage may be actual cases of primary varicella acquired from contact with other primary cases of varicella, rather than misclassified cases of herpes zoster or cases of primary varicella acquired from exposure to other adults with herpes zoster. Correspondingly, many of these cases might be preventable with effective vaccination programs directed at children.
Over the 10-year study period, 82.8% of all hospitalized persons did not have an underlying condition. This finding highlights the need to vaccinate all infants and susceptible children if the cost of severe complications with varicella is to be prevented.
Few studies have examined trends in charges for hospitalizations related to varicella. In this study, average unadjusted charges increased at a rate that was much greater than the rate of inflation (296% increase in charges vs. 37.7% increase from inflation from 1986 to 1995) at a time when the rate of varicellarelated hospitalizations was also increasing. This suggests that cost savings from preventing cases of varicella may now be greater than in 1990, when a widely cited cost-benefit study of varicella vaccination in the United States was done [13] . The reasons for the dramatic increase in charges are not entirely clear. Although charges increased 4-fold, the average length of stay in days increased by only 17%, from 5.3 days in 1986 to 6.18 days in 1995. It is possible that the increase in charges may reflect in large part the actual rate at which health care costs were outstripping inflation.
Analysis of comprehensive population-based hospital discharge data appears to be a feasible, simple, and potentially sensitive way to monitor the impact of vaccination on the occurrence of the costly complications of primary varicella and their epidemiology. The epidemiology of varicella hospitalizations is distinct from that of herpes zoster, even in older age groups in which misclassification would be expected to be most likely. Additionally, the age, sex, and race/ethnic distributions of persons hospitalized with varicella appear to be fairly consistent over time. Furthermore, the brief declines in incidence of hospitalizations in 1986, 1991, and 1995 are consistent with periodic drops observed from studies of varicella incidence [32] .
However, there are several major limitations to use of such data. Factors other than simple occurrence of complicated primary varicella may influence rates of hospitalization. In our study, 50% of the progressive increase could not be readily explained. In addition, since 1995, Connecticut has made a full transition to managed care. The impact of managed care on rates of hospitalization with varicella is unknown, although continued analysis of trends in hospitalization with herpes zoster, the incidence of which may not change much in the first vaccine-era years, may shed light on this. It will be important to better understand these dynamics to completely understand changes in the number of hospitalizations over time.
This study provides one of the first opportunities to compare the epidemiology, complications, and costs of herpes zoster with its parent disease, primary varicella. In the 10 years before the availability of varicella vaccine, there were nearly 4 times the number of hospitalizations with zoster compared with varicella and 14 times the total hospital costs. Only one other published study has presented data comparing overall impact of herpes Downloaded from https://academic.oup.com/jid/article-abstract/181/6/1897/2191096 by guest on 22 February 2019 zoster and primary varicella hospitalizations. In a recent review of 6 years of hospital discharge data in two states in Australia, zoster accounted for 6-fold more hospital bed-days per year than did varicella (7300 vs. 1200 days) [23] .
Unlike with primary varicella, hospitalization rates for herpes zoster in the prevaccine era were stable except for the dynamic of the HIV epidemic. This is consistent with information obtained from CHIME-that there was little change in the way hospitalization data were obtained during the study period. It also suggests that the changes in hospitalizations with primary varicella over time were not artifactual.
This study confirms previous findings of a very strong association of incidence of herpes zoster with increasing age [19, 21] and provides, for the first time, population-based age-, sex-, and race/ethnic group-specific hospitalization rates with herpes zoster. Of interest for future surveillance is that there were a substantial number and rate of hospitalizations with herpes zoster in persons !30 years of age. This may be a target group in which to initially monitor the impact of decreased circulation of varicella virus on the occurrence of zoster.
Although many more women than men were hospitalized with zoster, the finding that there were no differences in agespecific hospitalization rates by sex is consistent with those of population-based studies of outpatient zoster, which have also shown no differences in age-specific rates [19, 21] .
The finding that blacks and Hispanics !50 years of age are more likely to be hospitalized with zoster than are whites has not previously been noted. The reasons for this are not clear and are similar to our findings that blacks and Hispanics are more likely to be hospitalized with varicella than are whites. Higher hospitalization rates in these groups persisted even when persons with underlying conditions were eliminated from the analysis. Of further interest, unlike our findings for hospitalizations with primary varicella, the differences in race/ethnicityspecific zoster hospitalization rates were reversed in persons 165 years, an age group in which whites were more likely to be hospitalized than blacks or Hispanics. This difference persisted when persons with underlying conditions were eliminated from the analysis. The reasons for this shift in race/ethnicity-specific hospitalization rates with age are unknown and merit further study.
The lack of seasonality with zoster hospitalizations was remarkable and was observed across all years and all age groups. This was in contrast to documented seasonality of hospitalizations with primary varicella and with the finding of a study of zoster based in clinical practice [37] , but it was in agreement with other studies of zoster [38] [39] [40] .
Persons with underlying conditions such as HIV, leukemia, and other malignancies are at a greater risk of latent varicella virus reactivation and more serious complications. A higher percentage of hospitalized persons with herpes zoster than with varicella had underlying conditions (31.4% vs. 17%), although in both cases, most hospitalizations were in persons with no identified underlying conditions. Of interest, the percentage of hospitalizations in persons with underlying conditions steadily decreased with age, falling to 16% in the у80-year age group. This is consistent with the observations of others that most of the severe morbidity from zoster results from age-related waning immunity rather than the increase in underlying conditions, such as malignancy, that occurs with age [21] . Therefore, if most severe morbidity from herpes zoster is to be prevented, either vaccination of children will have to be effective in minimizing the extent of initial latent infection or it will be necessary to boost waning immunity in older age. The planned clinical trial to test the efficacy of varicella vaccine in boosting immunity in older persons in the Veterans Administration system will attempt to determine whether the latter strategy works [41] .
The financial cost of hospitalization with herpes zoster has not been previously described. Of interest, the mean charge and mean length of stay of herpes zoster are substantially higher than the mean charge and mean length of stay of hospitalization with primary varicella. In addition, the percentage of hospitalizations that ended in death was 12 times higher with zoster than with varicella (5.3% vs. 1.9%). Thus, even among persons needing hospitalization, zoster in the prevaccine era appears to have more morbidity than varicella.
Given that widespread vaccination of children has begun and that a clinical trial of varicella vaccine in adults to prevent herpes zoster will soon begin, it is likely that the epidemiology of herpes zoster will begin to change. With the current severity and costs of hospitalizations with herpes zoster and the uncertainty of the impact of widespread childhood vaccination on zoster incidence, it becomes important to establish surveillance and monitor the population-based impact of vaccination. In this context, analysis of comprehensive population-based hospital discharge data appears to be a feasible, simple, and potentially sensitive way to monitor the impact of vaccination on the occurrence of the costly complications of herpes zoster and their epidemiology. The epidemiology of hospitalization with herpes zoster is distinct from that of varicella. Additionally, the age, sex, and race/ethnic distribution of persons hospitalized with zoster appears to be fairly consistent over time. Furthermore, the incidence of hospitalizations in the past 10 years has been constant, modified only by the dynamics of the HIV epidemic.
This analysis of hospital discharge data has several limitations. Most importantly, raw data from CHIME were analyzed without any attempt to validate the discharge diagnosis codes, determine whether primary varicella or herpes zoster was the main reason for initial hospitalization, or determine the percentage of hospital costs that might be attributed to primary varicella or herpes zoster. Although this was the most practical approach to data analysis and future potential use of such data for surveillance, it could result in several types of misclassification. We are not aware of any studies that attempt to examine the sensitivity and specificity of a hospital discharge diagnosis of herpes zoster. However, a recent health maintenance organization-based outpatient study of herpes zoster in which case finding was based on diagnostic codes, including ICD-9 codes, found an 89%-96% positive predictive value of a diagnostic code of herpes zoster [22] . In addition, a recent validation study of varicella-related hospital discharge data for persons aged у13 years in New York found that the positive predictive value of varicella listed as a discharge diagnosis was 87% as a measurement of varicella-related hospitalization (B. Wallace, New York State Department of Health, personal communication). Thus, false-positive misclassification appears unlikely to have a significant impact on our results. We have no measures of the extent to which primary varicella or herpes zoster hospitalizations may have been falsely miscoded as other events and, thus, the extent to which our data underestimate the magnitude of varicella-related hospitalizations. Studies are needed to provide a full context for interpreting the magnitude of the problem described by analysis of hospital discharge data.
Because validation studies were not done, it is possible that primary varicella or herpes zoster could have been coincidental during hospitalization for an unrelated admission diagnosis. Thus, our study may have overestimated the overall burden of disease, especially among persons with underlying conditions who have longer hospitalizations. Nonetheless, there would have been a substantial cost in case management and in hospital epidemiologic considerations for any inpatient case of incidental primary varicella or herpes zoster, especially in a person who was immunosuppressed [32, 42] . In the absence of doing chart reviews, similar limitations apply to the data on underlying conditions and complications.
Changes in methods used for data collection by CHIME could also result in artifactual trends in hospitalizations. Fortunately, there was little change in methods used by CHIME during this time, minimizing the potential for methodologic changes to create surveillance artifact [24] (CHIME, personal communication).
These data were collected from Connecticut hospitals, and, without similar studies in other states, it is difficult to know whether our results are generalizable to other states or the nation as a whole. The fact that Connecticut is fairly heterogeneous in race/ethnic and socioeconomic makeup and has both densely and less-densely populated urban and suburban areas should enable these data to be generalizable to much of the country. In addition, the overall hospitalization rates for primary varicella and herpes zoster are fairly consistent with those obtained from the national hospital discharge database [15, 32] . However, the findings that Hispanic and black race/ethnic minorities and childbearing women have higher rates of hospitalization and that cases of primary varicella appear to be occurring among the middle-aged and elderly need confirmation. Similar studies are needed in other states to confirm our findings if this type of surveillance is to be used to monitor the impact of varicella vaccination on the epidemiology of primary varicella and herpes zoster in the nation as a whole.
